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JAPANESE PATENT LAID-OPEN PUBLICATION NO. HEISEI 8-306853 

I TITLE OF THE INVENTION) 
SEMICONDUCTOR DEVICE, FABRICATION METHOD THERE:? , 
AND FABRICATION METHOD FOR LEAD FRAME 

! CLAIMS ) 

I. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
such a fashion that they have a second pitch different from the 
first pitch; and 

the resin encapsulate is arranged to encapsulate the 
wiring connected between the electrode pads and the leads while 
allowing the protrusions to be exposed. 

2. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
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such a fashion that they have a second pitch different fror. me 
first pitch; and 

the resin encapsulate has a thickness from a surface c: 
the semiconductor chip formed with the electrode pecs -rt mere 
than a height from the semiconductor chip surface to each 
protrusion, but not less than the height from the semiconductor 
chip surface to the wiring. 

3. The semiconductor device according to claim 1 or 2, 
wherein the semiconductor chip and the leads are bonded together 
by an adhesive comprised of a polyimide film. 

4. The semiconductor device according to any one of 
claims 1 to 3, wherein each of the protrusions is formed in such 
a fashion that it is integrally with an associated one of the 
leads . 
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5. The semiconductor device according to any one of 
claims 1 to 4, wherein the wiring comprises wires. 

6. The semiconductor device according to any one of 
claims 1 to 5, wherein each of the protrusions is formed with a 
bump . 



"7. A method for fabricate 



ng a semiconductor device 
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comprising the steps of: 

forming leads each provided with a protrusion at a recaor. 
where an outer connecting terminal is to be formed; 

arranging a polyimide film cn at least one o: the leads 
and the semiconductor chip, pressing the leads and the 
semiconductor chip by a desired pressure while interposing the 
polyimide film between the leads and the semiconductor chip, and 
heating the polyimide film to a desired temperature to allow the 
polyimide film to serve as an adhesive, thereby bonding the 
leads and the semiconductor chip together; 

connecting the electrode pads formed on the semiconductor 
chip to the leads by a wiring, respectively, thereby 
electrically connecting the electrode pads and the leads 
together; and 

forming a resin encapsulate adapted to partially or 
completely encapsulating the wiring and the semiconductor chip 
while allowing each of the protrusions to be exposed at a tip 
surface thereof. 

8. The method according to claim 7, wherein a 
thermoplastic adhesive is applied to both surfaces of the 
polyimide film when the leads and the semiconductor chip are 
bonded together by the polyimide film at the bonding step. 



. The method according 10 claim 7 or 8, wherein the 



M-SS99 US 
8-3066*3 



electrode pads and the leads are electrically connected tooethe 
using a direct lead bonding process at the connecting step. 

10. A lead frame provided with a plurality o: leacs ear.-, 
having an inner lead portion and an outer lead portion, vhere:.-. 

the inner lead portion have a lead pitch less than a lead 
pitch of the outer lead portions, and each of the outer lead 
portion has a protrusion integrally formed therewith. 

11. The lead frame according to claim 10, wherein the 
lead pitch (Pout) of the outer lead portions is substantially 
equal to the thickness (W ) of each lead at a region where the 
protrusion is formed, and the lead pitch (Pin) of the inner lead 

portions corresponds to about half the lead pitch (Pout) of the 

outer lead portions (Pin «= Pout/2) . 

12. A method for fabricating a lead frame according to 
claim 10 or 11, comprising: 

a primary etching step for conducting a half-etching 
process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and 

a secondary etching step for conducting a half-etching 
Process for the blank while using a mask arranged on the blank 
at the lead forming region. 
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13. A method for fabricating a lead frame according to 
claim 10 or li, comprising the steps of: 

preparing a first blank and a second blank respectively 
having thicknesses selected in such a fashicr. that they have e 
total thickness corresponding to the height of the protrusions 
when they are overlapped with each other; 

forming a lead pattern having a planar shape 
corresponding to the shape of the leads on the first blank; 

forming a protrusion pattern on the second blank in such 
a fashion that the protrusion pattern is arranged at the 
protrusion forming region; 

overlapping the first blank formed with the lead pattern 
and the second blank formed with the protrusion pattern 
together, and bonding the first and second blanks to each other 
in such a fashion that the lead pattern and the protrusion 
pattern are overlapped with each other at the protrusion forming 
region; and 

removing unnecessary portions of the first and second 

blanks. 



K. A method for fabricating a lead frame according to 
claim 10 or 11 comprising the steps of: 

forming a lead pattern having a planar shape 
corresponding to a shape of the leads on a blank; and 

forming the protrusions at a desired region on the lead 
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pattern after completion of the lead pattern forming step. 

lb. The method according to claim 14, wherein the 
protrusion forming step is achieved by overlapping one rr rr.rre 
bumps on the lead pattern at a desired region to form the 
protrusion. 



16. The method according to claim 14, wherein the 
protrusion forming step is achieved by arranging a conductive 
10 member on the lead pattern at a desired region to form the 

protrusion . 
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17. The method according to claim 14, wherein the 
protrusion forming step is achieved by subjecting a desired 
portion of the lead pattern to a plastic shaping process to form 
the protrusion. 
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I DETAILED DESCRIPTION OF THE INVENTION) 

I FIELD OF THE INVENTION) 

The present invention relates to a semiconductor device, 
a method for fabricating the semiconductor device, and a method 
for fabricating a lead frame used in the semiconductor device. 
In particular, the present invention relates to a semiconductor 
device having a structure encapsulating a semiconductor chip and 
leads by resin, a method for fabricating the semiconductor 
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device, and a method for fabricating a lead frame used ir. the 
semiconductor device. 

ne recent trend of electronic appliances to be down- 
sized has resulted in efforts to achieve an increased cer.sitv 
5 and increased mounting efficiency of semiconductor devices. It 

is also expected to obtain an improvement in the reliability of 
electronic appliances. In addition, there is demand for an 
improvement in the reliability of semiconductor devices. 
Furthermore, it is expected for semiconductor devices to achieve 
e reduction in costs. 

Accordingly, developments of semiconductor devices 
capable cf satisfying the above mentioned demands are strongly 
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[DESCRIPTION Or THE PRIOR APT) 

Recently, a flip chip type r.cunting structure has been 
proposed as a scheme capable of achieving a high-density 
mounting. Such a flip chip type mounting structure is widely 
used in multi chip modules (MCMs) . in accordance with the flip 
chip mounting scheme applied to MCMs, no resin encapsulate is 
formed. Instead, bumps are formed on electrode pads of a 
semiconductor chip (bare chip;, respectively. In this case, 
mounting of the bare chip is achieved by bonding the bare chip 
to electrode portions formed on a circuit board (mother board) 
in a face down bonding fashion. 
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In accordance with the use cf the flip chip type mour.tir.c 
structure, it is possible to mount semiconductor devices on a 
mother board at a high density. An improvement in electrica- 
characteristics is also achieved because the semi conduct c - 
devices are electrically connected to the mother board by rr.ee.-.s 
of bumps directly formed on the bare chips of the semiconductor 



devices . 
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I SUBJECT MATTERS TO BE SOLVED BY THE INVENTION) 

However, the bare chips not encapsulated by resin involve 
problems in that they exhibit a degradation in heat resistance, 
mechanical strength, and temperature resistance. furthermore, 
since bumps are directly formed on electrode pads formed on each 
bare chip, the layout of the electrode pads formed on the bare 
chip is rendered to be the layout cf outer connecting terminals 
(bumps) as it is. 

Generally, semiconductor chips have different layouts of 
electrode pads thereof in accordance with the manufacturers 
thereof. Accordingly, even for semiconductor devices having the 
same function, the user should design a wiring pattern of the 
mother board to match the kind of those semiconductor devices 
(manufacturer), m the conventional mounting structure using 
bare chips, there are problems of a degradation in the matching 
ability of semiconductor devices to the mother board and an 
increased burden to the user because no standard- rat i on for 
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outer electrode terminals of semiconductor devices is made. 

In order to solve the above mentioned problems, the 
standardization may probably be made by processing the surface 
of a chip and forming a wiring or. the processed chip surface. 
However, this scheme requires a number of processes with a hich 
accuracy to form a desired wiring. Furthermore, there are 
problems of an increase in costs and a degradation in the 
efficiency of production. 

The present invention has been made in view of the above 
mentioned problems, and an object of the invention is to provide 
a semiconductor device, a method for fabricating the 
semiconductor device, and a method fcr fabricating a lead frame 
used in the semiconductor device, which are capable of achieving 
a standardization of outer electrode terminals to keep the 
reliability of a semiconductor chip used, a reduction in costs, 
and an improvement in the efficiency of production. 

[MEANS FOR SOLVING THE SUBJECT MATTERS) 

The above subject matters can be solved by the following 

means . 

The invention of claim 1 is characterized by a 
semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate fcr encapsulating the 
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semiconductor chip, wherein: protrusions are formed on the 
leads, respectively, in such a fashion that they have a second 
pitch different from the first pitch; and the resin encapsulate 
is arranged to encapsulate the wiring connected be : veer, tr.e 
electrode pads and the leads while allowing the protrusicr.s :: 
be exposed. 

The invention of claim 2 is characterized by a 
semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: protrusions are formed on the 
leads, respectively, in such a fashion that they have a second 
pitch different from the first pitch; and the resin encapsulate 
has a thickness from a surface of the semiconductor chip formed 
with the electrode pads not more than a height from the 
semiconductor chip surface to each protrusion, but net less than 
the height from the semiconductor chip surface to the wiring. 

The invention of claim 3 is characterized by the 
semiconductor device according to claim 1 or 2, wherein the 
semiconductor chip and the leads are bonded together by an 
adhesive comprised- of a polyimide film. 

The invention of claim 4 is characterized by the 
semiconductor device according to any one of claims 1 to 3, 
wherein each of the protrusions is formed in such a fashion that 
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i; is integrally with an associated one of the leads. The 
invention of claim 5 is characterized by the seir.i conductor 
device according to any one of claims 1 to 4, wherein the wiring 
comprises wires. 

The invention of claim 6 is characterized by the 
semiconductor device according to any one of claims 1 to 5, 
wherein each of the protrusions is formed with a bump. The 
invention of claim 4 is characterized by a method for 
fabricating a semiconductor device comprising the steps of: 
forming leads each provided with a protrusion at a region where 
an outer connecting terminal is to be formed; arranging a 
polyimide film on at least one of the leads and the 
semiconductor chip, pressing the leads and the semiconductor 
chip by a desired pressure while interposing the polyimide film 
between the leads and the semiconductor chip, and heating the 
polyimide film to a desired temperature to allow the polyimide 
film to serve as an adhesive, thereby bonding the leads and the 
semiconductor chip together; connecting the electrode pads 
formed on the semiconductor chip to the leads by a wiring, 
respectively, thereby electrically connecting the electrode pads 
and the leads together; and forming a resin encapsulate adapted 
to partially or completely encapsulating the wiring and the 
semiconductor chip while allowing each cf the protrusions to be 
exposed at a tip surface thereof. 

The invention of claim 8 is characterized by the method 
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according to claim 7, wherein a thermoplastic adhesive *s 
applied to both surfaces of the polyimide film when the ]eacs 
and the semiconductor chip are bonded together by the pclyirr.ide 
film at the bonding step. 

The invention of claim 5 is characterized by the method 
according to claim 7 or 8, wherein the electrode pads and the 
leads are electrically connected together using a direct lead 
bonding process at the connecting step. 

The invention of claim 10 is characterized by a lead 
frame provided with a plurality of leads each having an inner 
lead portion and an outer lead portion, wherein the inner lead 
portion have a lead pitch less than a lead pitch of the outer 
lead portions, and each of the outer lead portion has a 
protrusion integrally formed therewith. 

The invention of claim 11 is characterized by the lead 
frame according to claim 10, wherein the lead pitch (Pout) of 
the outer lead portions is substantially equal to the thickness 
(W ) of each lead at a region where the protrusion is formed, 
and the lead pitch (Pin) of the inner lead portions corresponds 
to about half the lead pitch (Pout) of the outer lead portions 
(Pin « Pout/2). The invention of claim 12 is characterized by a 
method for fabricating a lead frame according to claim 10 or 11, 
comprising: a primary etching step for conducting a half-etching 
process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and a secondary etching step for 
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conducting a half-etching process for the blank while usmo a 
mask arranged on the blank at the lead forming region. 

The invention of claim 13 is characterized by a method 
fcr fabricating a lead frame according to claim 10 or 11, 
comprising the steps of: preparing a first blank and a second 
blank respectively having thicknesses selected in such a fashio: 
that they have a total thickness corresponding to the height of 
the protrusions when they are overlapped with each other; 
forming a lead pattern having a planar shape corresponding to 
the shape of the leads on the first blank; forming a protrusion 
pattern on the second blank in such a fashion that the 
protrusion pattern is arranged at the protrusion forming regions- 
overlapping the first blank formed with zhe lead pattern and the 
second blank formed with the protrusion pattern together, and 
bonding the first and second blanks to each other in such a 
fashion that the lead pattern and the protrusion pattern are 
overlapped with each other at the protrusion forming region; and 
removing unnecessary portions of the first and second blanks. 

The invention of claim 14 is characterized by a method 
for fabricating a lead frame according to claim 10 or 11 
comprising the steps of: forming a lead pattern having a planar 
shape corresponding to a shape of the leads on a blank; and 
forming the protrusions at a desired region on the lead pattern 
after completion of the lead pattern forming step. 

The invention of claim IS is characterized by the method 
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according to claim 14, wherein the protrusion forming steo is 
achieved by overlapping one or more bumps on the lead patterr. a: 
a desired region to form the protrusion. 

The invention of claim 16 is characterized by the methoc 
according to claim 14, wherein the protrusion forming step is 
achieved by arranging a conductive member on the lead pattern az 
a desired region to form the protrusion. 

The invention of claim 17 is characterized by the method 
according to claim 14, wherein the protrusion forming step is 
achieved by subjecting a desired portion of the lead pattern to 
a plastic shaping process to form the pr.o.t.r_u.s_iaa.. 

[FUNCTIONS) 

Each of the above mentioned means serves as follows. 

In accordance with the invention of claims 1 and 2, it is 
possible to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Since the 
electrode pads and leads are connected together using wires, it 
is possible to set the layout of the leads irrespective of the 
layout of the electrode pads. An improvement in the matching 
ability of the semiconductor device to the circuit board. The 
resin encapsulate provides an improvement in reliability because 
it surely protects the connected wires. Since the outer 
connecting terminals are exposed from the resin encapsulate, the 
electrical connection of the semiconductor device to the circuit 



M-5S99 US 
6O06eS3 



board can be surely provided. 

In accordance with the invention of ciairr. 3, the 
insulating and bonding processes for the semi cor.cu::c: chic ar.c 
leads can be simultaneously conducted because the irl vi.tioe 
film, as an insulating member, interposed between the 
semiconductor chip and the leads serves as an adhesive. 
Accordingly, it is possible to simplify the structure of the 
semiconductor device while achieving an easy fabrication of the 
semiconductor device, as compared to the case in which the 
insulating member and the adhesive are separately provided. 

In accordance with the invention of claim <, each 
protrusion is integrally formed with sr. associated one of the 
leads. Accordingly, it is possible to achieve a simplification 
in structure, as compared to the case in which the protrusion 
and lead are formed using separate materials, respectively. In 
accordance with the invention of claim 5, a wire is used for the 
connection between the electrode pad and lead. Accordingly, it 
is possible to achieve an easy connection for the wire between 
the electrode pad and lead. 

In accordance with the invention of claim 6, a bump is 
formed on each protrusion. Accordingly, it is possible to 
achieve an easy connection of the semiconductor device to the 
circuit board, as compared to the case in which the protrusion 
is directly mounted on the circuit board. In accordance with 
the invention of claim 7, the leads and semiconductor chip are 
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bonded together by maintaining the polyimide f i in*, at a cer:a*r. 
temperature and a certain pressure, thereby causing the 
polyimide film to serve as an adnesive. Accordingly , the 
insulating and bonding processes for the leads and ser.i ccndjct cr 
chip can be simultaneously conducted. 

Since each electrode pad formed on the semiconductor chip 
is connected to an associated one of the leads by means of a 
wire in the bonding process, it is possible to vary the layout 
cf the leads with respect to the layout of the electrode pads by 
selecting an appropriate connection method. The fabrication cf 
the semiconductor device involves only four processes, that is, 
a lead forming process, a bonding process, a connecting process, 
and a resin encapsulating process. Since the fabrication of 
semiconductor device is achieved using a reduced number of 
processes, as mentioned above, an improvement in production 
efficiency is obtained. 

In accordance with the invention of claim 8, an easy 
bonding process can be achieved because the bonding process can 
be conducted without a control for the temperature applied to 
the polyimide film within a desired range. 

In accordance with the invention of claim 9, the 
connection between the electrode pads and the leads can be 
simply and surely achieved because the electrode pads and leads 
are electrically connected together in accordance with a direct 
lead bonding process. In accordance with the invention of claim 
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10 and 12, the lead pitch of the outer lead portions ;s less 
than the lead pitch of the inner lead portions. Arccrdmcl y , 
the inner leads can cope with a small pitch of the electrode 
pads on the semiconductor chip to which the inner lead ccrticr.s 
are electrically connected. furthermore, the r.cun;::.: 
efficiency of the semiconductor device to the circuit board :s 
improved because the lead pitch of the outer lead portions 
electrically connected to the circuit board is large. Since 
each protrusion is formed on an associated one cf the outer lead 
portions, it can be used as an outer connecting terminal. 
Accordingly, it further improves the mounting efficiency. 

In accordance with the invention of claim 22, it is 
possible to form leads each integrally formed with a protrusion 
by conducting a primary etching process for the blank in 
accordance with a half-etching method m such a fashion that the 
blank has a reduced thickness at its portion except for the 
region to be formed with the protrusions and then conducting a 
secondary etching process for the thickness-reduced portion of 
the blank to form the leads. 

The pitch of the leads is determined by the thickness of 
the blank upon forming the leads. In other words, it is only 
possible to form leads having a pitch substantially equal to the 
thickness of the blank. Accordingly, a reduced lead pitch can 
be obtained when the blank has a reduced thickness. 

Meanwhile, where leads provided with protrusions are 
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formed, the thickness of the blank is determined by the heicht 
of the protrusions. It is impossible to form leads having a 
small pitch by simply etching the blank having a thickness erua 
to the height cf the protrusions. In accordance with tne 
present invention, however, it is possible to form ieacs havmr 
a small pitch, even when the leads have a structure provided 
with protrusions, by conducting a primary etching process for 
the blank in accordance with a half-etching method in such a 
fashion that the blank has a reduced thickness at its pcrtion 
except for the region to be fcrmed with the protrusions, and 
then conducting a secondary etching process for the thickness- 
reduced portion of- the blank to form the leads. As apparent 
from the above description, the pitch of the protrusions can be 
reduced to a pizch substantially equal to the thickness of the 
blank. 

In accordance with the invention of claim 13, the first 
and second blanks have thicknesses respectively selected in such 
a fashion that they have a total thickness corresponding to the 
height of the protrusions when they are overlapped with each 
other. For this reason, each of the first and second blanks has 
a thickness less than the height of the protrusions. In the 
lead pattern forming step, a lead pattern having the same shape 
as the whole shape cf the leads is formed on the thin first 
blank. Accordingly, it is possible to reduce, the lead pitch cf 
the -ead pattern fcrmed in accordance with the above mentioned 
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relation between the blank thickness and lead pitch. 

In the protrusion pattern forming step, a protrusion 
pattern is formed on the second blank in such a fashion that it 
is arranged at the protrusion forming region. In the t::.:':r.: 
step, the f:rst and second blanks are bonded together : r. a state 
in which they are overlapped with each other. The lead pattern 
and protrusion pattern are overlapped with each other at the 
protrusion forming region. The blank thickness at the 
protrusion forming region corresponds to a desired height of the 
protrusions. At the removing step, unnecessary portions of the 
blanks are removed, thereby forming leads. 

Accordingly, a reduction in lead pitch is achieved 
because the thickness of the blank used in the formation of the 
lead pattern is small. On the other hand, since the lead 
pattern and protrusion pattern are overlapped with each other at 
the protrusion forming region, it is possible to fcrm 
prctrusior.s having a desired thickness. In accordance with the 
invention of claim 14, the lead pattern forming step and the 
protrusion forming step are conducted in a separate fashion. 
Accordingly, the thickness of a blank used can be selected 
irrespective of the height of the protrusion. Therefore, it is 
possible to reduce the pitch of a lead pattern when a thin blank 
is used. In the protrusion forming process, it is possible to 
form protrusions having an optional height. An improvement in 
the freedom cf design is also achieved. 



25 



M-SS99 US 



^O 



In accordance with the ;r,ver,::cr. ci claims 25 :o 1 : , ; t 
is possible to easily conduct the protrusion forming process. 

I EMBODIMENTS } 

5 Now, preferred embodiments of the present invent: zr. w-i; 

be described in conjunction with the annexed drawings. Tics. 1 
and 2 illustrate a semiconductor device 1 according to an 
embodiment of the present invention. Fig. 1 is a cross- 
sectional view of the semiconductor device I whereas Tic. 2 is a 
10 bottom view cf the semiconductor device 1 . 

As shown in the figures, the semiconductor device 1 
mainly includes a semiconductor chip 2, a plurality of leads 3, 
a resin encapsulate 4, and bumps S. The semiconductor chip 2 is 
provided at the central portion of its lower surface with a 
15 plurality of electrode pacs 6 arranged in a line. Each of the 

leads 2 has an inner lead portion 3a and an outer lead portion 
3b. The leads 3 are bonded to the lower surface of the 
semiconductor chip 2 by means of a polyimide film 7. 

The polyimide film 7 serves as an insulating member for 
electrically insulating the leads 3 from a circuit surface 2A 
formed on the lower surface of the semiconductor chip 2. The 
polyimide film 7 also serves as an adhesive for bonding the 
leacs 3 to the semiconductor chip 2 as described hereinafter. 
Since the polyimide film 7 functions as both the insulating 
member and the adhesive, it is possible to simplify the 
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structure of the semiconductor cevice Z which achieving ar. easy 
fabrication of the semiconductor device i, as compared :c the 
case in which the insulating member and the adhesive are 
separately provided. 

Wires 6 are arranged between the inner leads 2a and the 
electrode pads 6 of the semiconductor chip 2, respectively. The 
semiconductor chip 2 is electrically connected with the leads 3 
by the wires 6 , respectively. A protrusion 9 is formed at a 
desired position of the outer lead portion 3b included in each 
lead 3 in such a fashion that it is integral with the outer lead 
portion 3b. In most cases, the leads 3 having the above 
mentioned structure are arranged cn the lower surface of the 
semiconductor chip 2. This arrangement is called a "lead on 
chip (IOC)" structure. By virtue of this arrangement, the 
semiconductor device 1 can be miniaturized. 

The resin encapsulate 4 is made of, for example, epoxy 
resin. This resin encapsulate < is formed in accordance with a 
molding process, as described hereinafter. The resin 
encapsulate 4 is disposed at the lower surface and side surfaces 
of the semiconductor chip 2 to have desired thicknesses, 
respectively. 2n the illustrated embodiment, the resin 
encapsulate 4 does not exist at the upper surface of the 
semiconductor chip 2, that is, a heat dissipation surface. 

The resin encapsulate 4 is configured in such a fashion 
that its thickness (indicated by the arrows K) from the surface 
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of the semiconductor chip 2 formed with the electrooe pads 6, 
thai is, the lower surface of the resin encapsulate < , i s not 
more than the height (indicated by the arrows w; fro- the lower 

surface of the resin encapsulate < to the tip cf tr.e t-c 

5 ' not :e55 "'en the height (indicated by the arrows h; frcrr. 

the lower surface of the resin encapsulate < to the apex of a 
roof of the wire 8 (h s" H £ W) . By virtue of this 
configuration, at least the tip 9a of each protrusion 5 is 
surely exposed from the resin encapsulate 4. Zr. this case, the 
wires 6 and the leads 3, except for the exposed portions of the 
protrusions 9, are encapsulated by the resin encapsulate 4. 

Since the semiconductor device 1 of this embodiment is 
configured in such a fashion that a desired portion of the 
semiconductor chip (that is, the portion except for the upper 
surface) is encapsulated by the resin encapsulate, it is 
possible to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Also, an 
improvement in the reliability of the semiconductor device 1 is 
achieved because the resin encapsulate 4 surely protects the 
wires 6. m addition, it is possible to surely obtain an 
electrical connexion to a circuit board 10 because at least the 
tip 5a of each protrusion ? serving as an outer connection 
terminal is surely exposed from the resin encapsulate <. 

Now, a description will be made in conjunction with a 
Plurality of leads 3 arranged on the lower surface of the 
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semiconductor chip 2 while referring to rig. 2. For the 
convenience of description, the resin encapsulate < arranged cr. 
the lower surface of the semiconductor chip 2 is removed f rcr. 
Tic. 2. As shown in Fie. 2, the leads 3 are configured :r. surr. 
a fashicr. that the lead pitch cf adjacent inner lead rcrticr.s la 
•indicated by the arrows Pin) is less than the lead pitch of 
adjacent outer lead portions 3b (indicated by the arrows Pout). 
In detail, the lead pitch Pin of the inner lead portions 3a 
corresponds to about half the lead pitch Pout ci the outer lead 
portions 3b (Pin - Pout/2). The lead pitch Pout of the outer 
lead portions 3b is substantially equal to the thickness W of 
each lead 3 at a region where the protrusion 9 is formed. 

Since the lead pitch Pin of the inner lead portions 3a is 
small as compared to the lead pitch Pout cf the outer lead 
portions 3b, the inner lead portions 3a can cope with a possible 
small pitch of the electrode pads 6 of the semiconductor chip 2 
to which the inner lead portions 2a are electrically connected. 
On the other hand, since the lead pitch Pout of the outer lead 
portions 3b (protrusions 9) electrically connected to the 
circuit board 10 is large, it is possible to achieve an 
improvement in the mounting efficiency of the semiconductor 
device 1 on the circuit board 10. 

Meanwhile, the semiconductor device 1 according to the 
illustrated embodiment has a configuration in which the 
electrical connection of the electrode pads 6 arranged on the 



23 



H-5599 US 

semiconductor chip 2 10 the circuit board 20 is not achieved c 
the bumps 5 directly formed on the electrode pads 6, but 
achieved by the wires 8 arranged between the electrode pads 6 
and the inner leads 3a. Accordingly, an electrical sirnal :::: 
each electrode pad 6 can be transferred .to the outside c: tr.e 
semiconductor device 1 via the associated lead 3 and wire 6 . 
This makes it possible to set the layout of the leads 3 
irrespective of the layout of the electrode pads 6. 

In the case of Fig. 2, electrical signals from the 
electrode pads 6 centrally formed on the semiconductor chip 2 
are outwardly transferred via the wires 8 and leads 3. Also, 
the protrusions 9, which serve as outer connecting terminals, 
are arranged at the peripheral portion of the semiconductor chi 
2. Where the electrode pads 6 are formed at the peripheral 
portion of the semiconductor chip 2, as shown in Fig. 3, it is 
possible to arrange the protrusions 9 serving as outer 
connecting terminals at a region inside the electrode pads 6 
because electrical signals from the electrode pads 6 can be 
outwardly transferred via the wires 8 and leads 3. Furthermore, 
the protrusions 9 serving as outer connecting terminals may be 
arranged at a region outside the semiconductor chip 2, as shown 
in Fi g . < . 

Since electrical signals from the electrode pads 6 can be 
outwardly transferred using the leads end wires e, an 
improvement in the matching ability of the semiconductor device 
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1 to the circuit board 10 is ac. w .:evec. It is also pcssirle : : 
easily set the layout of the protrusions 9, which serve as outer 
connecting terminals, to be the layout of standard outer 
connecting terminals. Acccrcincly, a reduction ir. the burden :r 
the user of the semiconductor device 1 is achieved. 

Now, a method for fabricating the semiconductor device 1 
having the above mentioned configuration will be described. The 
semiconductor device 1 according to the present invention is 
fabricated using four basic processes, that is, a lead forming 
process, a bonding process, a connecting process, and a resin 
encapsulating process, along with two additional processes, that 
is, a bump forming process and a testing process. The 
fabrication method will be described in conjunction with the 
above mentioned processes, respectively. 

rigs, b to 9 illustrate a first embodiment associated 
with the lead forming process. This lead fcrming process is a 
process for forming a lead frame 11 which is a blank for forming 
the leads 3. For the formation of the lead frame 11, a flat 
blank 12 is first prepared, as shown in Fig. 5. The blank 12 
may be a lead frame blank made of, for example, 42 ALLOY and 
naving a thickness corresponding to the height W of the 
prctrusicns 9. 

Thereafter, a mask 13 (indicated by small dots) is 
arranged on the blank 12, as shown in Tig. 6. The mask 12 
covers a region (denoted by the reference numeral 3<) to be 
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formed with the protrusions 9 and a region (denoted by t.-e 
reference numeral 15) to be formed with cradles. 

After the arrangement of the rr.esk 23, a ha 1 :-e: rhino 
process (primary etching process) is conducted for tr.e r 1 a r. >: 1J 
In the illustrated embodiment, the half-etching process :cr tr.t 
blank 12 is carried out in accordance with a wet etching met hoc 
(of course, other etching methods, for example, a dry etching 
method, may be used). The etching time is set so that the 
thickness of an etched portion {the white portion m Fig. 6) 
corresponds to about half the thickness W of the blank 12 (W/2 ) 

Tig. l shows a state in which the mask 23 is removed 
after completion of the half-etching process. In this state, 
the blank 12 maintains the thickness W only at its portion 
corresponding to the region 2 A to be formed with protrusions 9 
and its portion corresponding to the region 15 to be formed wit 
cradles 25. The remaining portion of the blank 22 (denoted by 
the reference numeral )€) has a thickness corresponding to W/2 
by virtue of the half-etching . 

After completion of the half-etching process as mentioned 
above, the blank 12 is subjected to another etching process 
under the condition in which a mask 17 (indicated by small dots) 
is arranged to cover a region (denoted by the reference humeral 
18) to be formed with leads 3 along with the region 2 5 to be 
formed with cradles. 

In accordance with the etching process (secondary etching 
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process), the portions of the blank 12 not covered v;th ;h e 
17 are removed. Thus, a lead frame 11 provided with a pi uralit 
of leads 3 having a structure as shown in Fig. r -$ obtained. 
If necessary, silver may be plated on a desired pcrtirr. of tr.e 
lead frame 11 (corresponding to the region formed w;:r. tr.e lea: 
3) . 

The lead frame 11 formed as mentioned above has & 
structure in which each lead 3 has an inner lead portion 3a, an 
outer lead portion 3b, and a protrusion 9 integrally formed 
together. In this structure, the protrusion 5 has a thickness 
corresponding to W whereas the inner lead portion 3a and the 
outer lead portion 3b except for its part corresponding to the 
region formed with the protrusion 5 have a thickness 
corresponding to W/2. 

The relation between the lead pitch and the thickness of 
the blank 12 will now be described. The pitch cf the leads 3 is 
determined by the thickness of the blank 12 upon forming the 
leads 3. In other words, it is only possible to form leads 
having a pitch substantially equal to the thickness of the blank 
12. Accordingly, a reduced lead pitch can be obtained when the 
blank 12 has a reduced thickness. 

Meanwhile, where leacs 3 provided with protrusions 9 are 
formed, the thickness of the blank 12 is determined by the 
height of the protrusions 9. It is impossible to form leads 
having a smal2 pitch by sinply etching tne blark 12 . av:rg a 
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thickness equal ;o the height ci the crctrusi cr.s ?. I r. 
accordance with the present invention, however, it :s possible 
to form leads 3 having a small pitch (the lead pitch ? : r. in Tic. 
2 1a), even when the leads 2 have a structure pre v: dec w; 
protrusions 9, by conducting a primary etching process icr tr.e 
blank 12 in accordance with a half-etching method in such a 
fashion that the blank 12 has a reduced thickness (a thickness 
corresponding to about W/2) at its portion except for the region 
1< to be formed with the protrusions 9, and then conducting a 
secondary etching process for the thickness-reduced portion of 
the blank 12 to form the leads 3. For the same reason, the 
pitch Pout of the protrusions 9 (outer lead portions 3b) can be 
reduced to a pitch substantially equal to the thickness W of the 
blank 12. 

Tor instance, where a typical lead frame blank having a 
thickness of 0.10 mm is used, it is possible to obtain a minimum 
pitch Pout of the outer lead portions 3b and protrusions 9 
corresponding to 0.10 mm (Pout - 0.10 mm) and a minimum pitch 
Pin of the inner lead portions 3& corresponding to 0.05 mm (Pin 
- 0.05 mm). In the case of a typical lead frame blank having a 
thickness of 0.15 mm, it is possible to obtain a minimum pitch 
Pout of the outer lead portions 3b and protrusions 9 
corresponding to 0.15 mm (Pout - 0.15 mm) and a minimum pitch 
Pin cf the inner lead portions 2a corresponding to 0.075 mm (Pin 
" 0.075 mm). Where a typical lead frame blank having a thickness 
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of 0.20 jtjt. is used, it is possible :c obtain a jr.: r. i rr.um zitrh 
Pout cf the outer lead portions 2b and protrusions 9 
corresponding to 0.20 nun (Pout « 0.2 0 mmj and a minimum si ten 
Fin of the inner lead portions 2a corresponding to : . 1 : rrr. 
5 - 0.10 mmj . 

On the other hand, the position cf each protrusion 9 ;s 
determined by the position of the mask 13 shown in Fig. 6. That 
is, the position of each protrusion 9 can be optionally 
determined by appropriately varying the position of the mask 22. 
10 for this reason, the positions of the protrusions 9 serving as 

outer connecting terminals can be set within a certain degree of 
freedom in accordance with a lead forming method included in the 
illustrated embodiment. Therefore, it is possible to easily 
form the protrusions 9 at predetermined positions for standard 
* D outer connecting terminals, respectively. 

Next, a second embodiment associated with the lead 
forming process will be describee. Tics. i0 to IS illustrate 
the second embodiment associated with the lead forming process. 
For the formation of a lead frame 20 in this embodiment, a first 
blank 21 shown in Fig. 10 and a second blank 22 shown in Fig. 11 
are first prepared. 

The thicknesses cf the blanks 21 and 22 are determined so 
that the total thickness obtained in an overlapping state of the 
blanks 21 and 22 corresponds to the height w of each protrusion 
9 - In this embodiment, the thicknesses of the blanks 21 and 22 
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are set :o be w/2, respectively. The blanks 21 ar.c 22 have 
different thicknesses, respectively, in so far as the total 
thickness obtained in an overlapping state cf the rlar.k* 22 and 
22 corresponds to the height K cf each prctrusicr. r. 

The first blank 21 shew- :n Tig. 10 is n.ace cf c leac 
frame material such as 42 ALLOr* . This first blank 2: has a 
structure formed with a lead pattern 23 having the same pattern 
shape as that of the leads 3 when viewed in a plan view. This 
structure of the first blank 21 is obtained by previously 
conducting an etching process cr a press-punching process for 
the first blank 21. However, the lead pattern 23 of the first 
blank 21 has no protrusion in accordance with this lead forming 
process, as different from the lead forming process in which the 
protrusions 9 are formed. Accordingly, the lead pattern 23 has 
a thickness of W/2 at the entire portion thereof. In rig. 10, 
the reference numeral 25 denotes a position determining slot 
which is formed during the formation of the lead pattern 23. 

On the other hand, the second blank 22 shown m Fig. n 
is made of a lead frame material such as 42 ALLOY. This second 
blank 22 has a structure formed with a protrusion pattern 24. 
This structure of the second blank 22 is obtained by conducting 
sn etching process or a pre ss-pvr.ching process for the second 
blank 22. The protrusion pattern 24 has a straight line pattern 
shape. In the protrusion pattern 24, regions to be formed with 
a certain number of protrusions 5 are arranged in parallel while 
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being lateral ly spaced from one another . lr. Tic. 1 1 , tr.e 
reference numeral 26 denotes a position determining slot whirr, 
is formed during the formation of the protrusion pattern 24. 

The first and second clanks 21 and 22 having the cc:ve 
mentioned structures are then ever 1 eppep* w;:h each ctr.er re- 
vert : cai 1 y aliening the position determining slots 25 and 26 
with each other. In the overlapping state, the first and second 
blanks 21 and 22 are bonded together. The bonding of the first 
and second blanks 22 and 22 may be achieved using a conductive 
adhesive or a welding process. fig. 12 shows the bonded state 
of the first and second blanks 21 and 22. 

lr. the bonded state cf the first and second blanks 21 and 
22, the protrusion pattern 2< of the second blank 22 overlaps 
with protrusion forming regions on the lead pattern 23 of the 
first blank 22. 

Fig. 13 is a plan view illustrating, in a enlarged scale, 
the overlapping region between the lead pattern 22 and 
protrusion pattern 2<. Also, Tic . 1A is a cross-sectional view 
illustrating, in an enlarged scale, the overlapping region 
between the lead pattern 23 and protrusion pattern 24. As shown 
in Figs. 1 3 and 1 < , the lead pattern 23 having a thickness of 
W/2 corresponding to half the total thickness of the blanks 
overlaps, in a cross fashion, with the protrusion pattern 24 
having a thickness of W/2 cor responding to half the total 
thickness of the blanks. Accordingly, the regions to be formed 
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with the protrusions 9 have a thtck.-.ess w rcr respond: -= tc the 
total blank thickness. Accordingly, this thickness k ;s 
rendered to be the height of each protrusion 9 (Tig. 

After completion of the bonding process fcr the ::-«- £ - 
seccnti blanks 21 and 22, the resulting structure is oarttellv 
removed at its portion except for the portion where the lead 
pattern 23 and protrusion pattern 2< cross, using a pressing 
process =r the like, thereby forming a lead frame 20 having 
leads 2 integrally formed with protrusions 9. as shewn in fig. 
15. 

Similarly to the lead frame 11 fabricated in accordance 
with the first embodiment, each lead 2 of the lead frame 20 
fabricated in accordance with this embodiment has an inner lead 
portion 3a, en outer lead portion 3b, and a protrusion 9 
integrally formed together. In accordance with this embodiment, 
the lead pattern 23 can be formed to have a small pitch because 
the first blank 21 has a thickness corresponding to W/2. This 
will be apparent by referring to the above mentioned relation 
between the lead pitch and the blank thickness. 

Meanwhile, the position of each protrusion 5 is 
determined by the position of the protrusion pattern 24 formed 
at the second blank 22. That is. the position cf each 
protrusion 9 can be optionally determined by appropriately 
varying -.he position of the protrusion pattern 2< . For this 
reason, the positions of the protrusions 9 serving as outer 
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connecting terminals can be set within a certain decree zi 
freedom in accordance with the lead forming method included ir. 
this embodiment. Therefore, it is possible to easily form the 
protrusions 9 at predetermined positions :cr standard cuter 
connecting terminals, respectively. 

After the lead frame 11 or 20 (in the following 
description, only the lead frame 11 will be referred) is 
fabricated in accordance with the above mentioned lead fcrminc 
process, a bonding process for bonding the lead frame 11 and 
semiconductor chip 2 together is conducted. Now, the bonding 
process will be described in conjunction with Tigs. 16 to 20. 

In this bonding process, geld is plated on the inner lead 
portions 3a of the lead frame 11 at regions where wires 6 are to 
be bonded in a subsequent connecting process, thereby forming 
bonding areas 27, as shown in Fig. 16. 

Also, a polyimide film 7 is arranged on the surface of 
the semiconductor chip 2 formed with the electrode pads 6 in 
such a fashion that only the electrode pads 6 are exposed. The 
polyimide film 7 is made of a polyimide material having a glass 
transition point of 100 to 300 # C. In the state of Tig. 17, the 
polyimide film 7 is simply in a state laid on the semiconductor 
chip 2. In order to prevent the polyimide film 7 from being 
separated from the semiconductor chip 2, accordingly, the 
semiconductor chip 2 is arranged in such a fashion that its 
surface formed with the electrode pads 6 is upwardly positioned. 
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In other words, the semiconductor chip 2 is ir. a tare chip s:a:e 
not encapsulated by resin. The polyimide film 7 may be 
previously formed on the semiconductor chip 2 dunr.c a wafer 
process for forming the semi conduct cr chip 2. 

Subsequently, the lead frame 11 shown in Tic. 16 is laic 
on the semiconductor chip 2 on which the polyimide film 7 is 
laic. The leads 3 (inner lead portions 3a) formed on the lead 
frame 11 face, in a high accuracy, the electrode pads 6 formed 
on the semiconductor chip 2. Thus, the pcsition of the lead 
frame 11 is determined. 

After the lead frame 11 is laid in position on the 
semiconductor chip 2, as mentioned above, a die 28 is lowered to 
press the lead frame 11 against the semiconductor chip 2, as 
shown in Tic. 19. The die 28 is equipped with a heating unit. 
Heat generated from the die 28 is applied to the polyimide film 
" via the lead frame 11. 

The polyimide film 7 typically serves as an insulating 
member for electrically insulating the semiconductor chip 2 and 
lead frame 11 from each other, as in conventional cases. 
However, the inventors found the fact that the polyimide film 7 
can serve as an adhesive when it is under a certain condition. 
In detail, where the polyimide film 7 is made of a polyimide 
material having a class transition point of 100 to 300*C, it can 
serve as an adhesive when it is heated to a temperature higher 
than the glass transition point by 100 to 200*C while being 
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epp2:ec with a pressure cf 2 to 30 Kcf/cm : . 

in view of the above mentioned fact, the polyir.ide fii; 
is heated to a temperature h.cher than the class transition 
point by 2 00 to 200*C by the heater e = u;pped m = e -s 

bonding the semi conductor chip 2 and lead frame - -- 6 --. 
while being applied with a pressure of 2 to 20 Kcf/cm= by the 
die 28 in accordance with the present invention. According:,-, 
the polyimide film 7 can serve as an adhesive. t, u . ... 
possible to bond the semiconductor chi P 2 and lead :;ia , 22 to 
each other by means of the polyimide film 7. 

In accordance with the above mentioned configuration, it 
is unnecessary to use a separate adhesive for bonding the 
semiconductor chip 2 and lead frame li to each other, as 
compared to conventional cases using a poly-mid. film. 
Accordingly, it is possible to achieve a reduction in costs and 
a reduction in the number of processing steps used m the 
fabrication of the semiconductor device 2. fig. 20 illustrates 
a state in which the semiconductor chip 2 and lead frame 11 are 
bonded to each other by the polyimide film 7. 

Although the bonding between the semiconductor chip 2 and 
lead frame 11 i s achieved in accordance with the bonding method 
using the poJyi„i d . film 7, it may be achieved using other 
methods. rex example, the bonding between the semiconductor 
chip 2 and lead frame „ may be achieved using a method in which 
an adhesive is eppaiea t0 be , h , u .. -c „ of t , e pe:yimide 
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interposed between the semiconductor chip 2 and lead f rarr.e 11. 
as in conventional cases. Where this method is used, it is 
unnecessary to carry out a temperature control ar.t a rressure 
control fcr the polyimide film. Accordingly, the bcr.c: - c 
process : s simply achieved. 

After the semiconductor chip 2 and lead frame i: are 
bonded to each other in accordance with the bonding process, a 
connecting process is carried out to electrically connect the 
leads 3 formed on the lead frame 21 to the electrode pads 6 
formed cn the semiconductor chip 2 by means of wires E, 
respectively. 

Tig. 21 illustrates a process for mounting each wire (for 
example, a gold wire) B between the bonding pad 2" (Fig. 16) 
formed on an associated one of the leads 3 and an associated one 
of the electrode pads 6 using capillaries 29. As well known, it 
is desirable for each wire 8 to be short in terms of an 
improvement in the electrical characteristics cf the 
semiconductor device 1. On the other hand, in terms of a 
miniaturization and thinness of the semiconductor device 1, it 
is desirable for each wire B to have a low roof. 

Tor this reason, it is preferred that a low-roof bonding 
process be used in mounting the wires 8. For such a low-roof 
bonding process, a variety cf methods are known. For example, a 
method may be used in which each wire 8 is bonded at one end 
thereof to an associated one of the electrode pad 6 formed cn 
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the semiconductor chip 2 and then bonded a: the ether er.c 
thereof to an associated one of the leads 3 by upward-y movi 
the capillary 29 associated with the other end cf the wire £ , 
and then horizontally moving the capillary 29. • -e:.-.c = = «-- e - 
a "reverse stamping method" may also be used. 

Since the leads 3 and electrode pads 6 are electrically 
connected together in accordance with the wire bonding process, 
it is possible to achieve the connecting process in an easy 
fashion and in a high accuracy. The shaping and connection of 
each wire 8 between the associated lead 3 and electrode pad 6 
can be carried out within a certain degree cf freedom. rig. 22 
illustrates the state of each wire e mounted between the 
associated lead 3 and electrode pad 6 after the connecting 
process : s conducted. 

After the leads and electrode pads € are electrically 
connected together in accordance with the connecting process, a 
resin encapsulating process is carried cut to form a resin 
encapsulate < at a desired portion cf the semiconductor chip 2. 
rhis resin encapsulating process will now be described in 
conjunction with rigs. 23 to 25. 

Tig. 23 illustrates a state in which the semiconductor 
chip 2 mounted wish the lead frame 11 and wire, e is loaded in a 
meld 30. The mold 30 includes an upper meld 3- and a lower mold 
35- The lead frame U is clamped between the upper and lower 
mo.ds 31 end 32. Thus, the semi conductor chip 2 is mounted in 
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the mold 30. 

The upper mold 31 is configured to come into contact w-- 
the protrusions 9 and the cradles 33 of the lead frame . 
loaded state of the semiconductor chip 2. Since the ::: -- :c - c . c 
9 have the same height as the cradles 3-, the upper mold 3: 
maintains a flat plate shape. The lower mold 32 has a cavity 
defined with a space at each side of the semiconductor chip 2 
loaded in the lower mold 32. The lower surface cf the 
semiconductor chip 2 is in contact with the lower surface of the 
cavity 33. 

Since the upper mold 3} used in the resin encapsulating 
process has a flat plate shape, and the cavity 33 defined in the 
lower mold 32 has a simple structure, it is possible to reduce 
the costs taken in the manufacture of the mold 30. Accordingly, 
a reduction in the costs taken in the fabrication cf the 
semiconductor device 2 can be achieved. 

Tic. 2< illustrates a state in which a re:;:, encapsulate 
A (indicated by. a number of small dots) is molded in the mold 
30- As the resin encapsulate 4 is molded in the mold 30, the 
peripheral surface of the semiconductor chip 2 except for its 
upper surface (viewed as a lower surface in Tigs. 23 to 25) 
contacting the lower mold 32 is encapsulated by the resin 
encapsulate <. The leads 3 and wires e mounted to the lower 
surface of the semiconductor chip 2 ere also encapsulated by the 
resin encapsulate 4. Also, each protrusion 9 except for its 



K-i5*9 L'S 



10 



20 



portion c c r. t a c t i r. c rhp .-- p . - -> 

r ^e. j2 is e:c£:-; a:ed ty Ire 

resir, encapsulate <. 

Fie. 25 illustrates a state ir. which the serr.ircr.c 

chip 2 encapsulated by the res;- er.car — - < . c - 

3 °- As * hew " - .'i9«rt. ,,=per sur.'ace ; a 

:he semiconductor chip 2 ; S expcsed fro- lhf ^ ^^.^ 

<• According. lt is p0£sibJc to effective , y diss . pate 
generated from the semiconductor chip 2 at the exposed upper 



surface 2< 



The end 9a cf „ eh & 
exposed from the res,, encapsulate «. Accordingly. ,, e 5a 
can be used as an outer connecting terminal. 

A semiconductor device is obtained by cutting the lead 
frame 11 from the structure show, i, 25 aiong 

indicated by a dotted line in rig. 21. Although this 
semiconductor device can achieve the same effect as the 
semiconductor device shown in Tig. exhiblts . de?radation 

in the mounting efficiency thereof to the circuit board 10 
because the end 9a of each protrusion 9 serving es an outer 
connecting terminal is substantially flush with the surface of 
the resin encapsulate «, as shown in Tig. 25. To this end, in 
accordance with the illustrated embodiment, a bump forming 
Process for forming a bump S on the end 9a is conducted after 
completion of the resin encapsulating process. Hereinafter, the 
• — B...9 process will be described in conjunction v ish rigs. 
26 to 30. 
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In :he bump forming process, the s err.: cc.ndur: rr cr *■ 

encapsulated by the resin encapsulate < : 5 su t;e::e: ; z a • 

process at the entire surface thereof, es shc-r. ir. Fic. 2c. *v 
this hor.mg process, a resin layer existing cn the er.c fa c * 
each protrusion 9 is completely removed, there causir.r tne e:.; 
9a to oe completely exposed. After completion of tne ncntnc 
process, the semiconductor chip 2 encapsulated by the resin 
encapsulate 4 is immersed in a solder bath 3<, thereby causing 
the end 9a of each protrusion 9 to be plated by sclcer. The 
plated solder film is denoted by the reference numeral — - e 
solder used in the solder plating process may be one having a 
composition of ?b : Sn - 1 ; 9. Tic. 28 shows a state in which 
a solder film 25 is formed cn the end 9a of each protrusion 9 in 
accordance with the solder plating process. 

After completion of the above mentioned solder plating 
process, a bump 5 is formed on the end 9a of each protrusion 9 
formed with solder film 25. The formation of the bump 5 may 

be carried out using various methods. Tor example, a 
conventional bump forming method capable of effectively and 
easily forming bumps 5 may be used. Tig. 29 shows a state in 
which bumps 5 are formed on the ends 5a of the protrusions 9, 
respectively. 

After the formation of the bump 5 cn the end 9a of each 
protrusion 9, a process for cutting the lead frame 11 at 
positions indicated dotted lir.es in rig. 29 is carried out. 
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After the cutting process :s completed, a sex: conductor s 
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shown in rig. 30 is obtained. Prior to the process for cutt:.- 
the lead frame 1 1 , the portions of tne lead frame :: :: be .... 
r.ay be subjected to a hai f-etchmg process ;-. croer - 
t-tti.-.g process to be rr.cre easily ro.-.duc: ec 

A testing process is the.-, conducted for the sen.: conduct : 
device 1 fabricated as mentioned above, in order to determine 
whether or not the fabricated semiconductor device 3 operates 
normally, rics. 3: to 33 illustrate different testing methods 
for the semiconductor device :, respectively. The testing 
method shown in fig. 31 uses a socket 36 having a configuration 
for mounting the bumps 5. In accordance wish this testing 
method, a test such as a burning test is conducted in a state 
the semiconductor device 1 is mounted on the socket 36. 

The testing method shown in rig. 32 is a method for 
testing the semiconductor device 1 using probes 37. The 
semiconductor device 1 has a structure in which the end of each 
lead 3 is exposed from the side surface of the resin encapsulate 
4. In view of this structure of the semiconductor device 1. the 
testing method is adapted to test the semiconductor device 1 
using -.he probes 37 contacting the leads 3 exposed from the 
resin encapsulate <. ; n accordance w ; -- this testing method, it 
is pcssicle to conduct the testing process even after the 
semiconductor device 1 is mounted on the circuit board :o. 

• r ig. 33 illustrates a mounting process for mounting the 
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semiconductor device 1 cr. the :::-■»: beard jc. The process ; ;: 
mounting the semiconductor device i or. the circuit beard 10 csr 
be achieved using a variety c: well-know.- methods. 7z: 
instance, en infrared ref lev -ethoc may be usee. :- arcrrcar-e 
with this infrared re flew r.etr.od. each bump 5 fcrmec cr. -..-.e 
semiconductor device 1 is temporarily fixed to an associated cr.e 
of electrode portions 2e formed on the circuit board 10 sumo a 
paste. The bump 5 is then melted by an infrared reflow furnace 
arranged over the semiconductor device 1, thereby causing it to 
be bonded to the associated electrode portion 26. 

Now, examples modified from the above mentioned 
semiconductor device fabrication method will be described. 
Figs. 2< to 27 illustrate modified structures of the protrusions 
9, respectively. Tigs. 2<A and 3<B illustrate a protrusion 9A 
having a circular column shape, respectively. Also, rig. 3<c 
illustrates a protrusion 93 having a square column shape. That 
is, the protrusion may have various planar shape, as in the 
protrusions 9, 9A, and 93. The protrusion can have an optional 
shape in accordance with the bonding characteristics of the bump 
5 and the shape of the electrode portion 38 formed on the 
circuit board 10. Tor example, the protrusion 9, 9A or 93 is 
formed using an etching method, it can have a desired planar 
shape by appropriately selecting the shape of the mask 12 
arranged at the protrusion forming region •< shown in rig. 6. 

The protrusion may also have a structure provided with a 
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ro-jr,= recess at the upper surface hereof, as :n — e 
5C shown in Tig. 25(A). Also, the protrusion may have a 
structure provided with a lump at a centra: portion cf the ucpe- 
surfare thereof, as in the protrusion ?Z show.-. m rig. j-=. The 
protrusion may also have a structure provided with a rec-.ar.oulsr 
recess at a centra: portion of the upper surface thereof, as in. 
the protrusion 9Z shown in Fig. 35C. In all the protrusions S-C 
to 91. it is possible to obtain an increased protrusion surface 
area resulting in an improvement in the bcncabiiity to the bump 
:. Turthermore, the protrusions 5C to iZ are adapted to be 
fixed to the lead 3 at a desired protrusion forming region. 

deferring to Tig., 35D, a protrusion sr is illustrated 
which is formed m accordance with a direct plastic deformation 
cf the lead 3 by a pressing process. this case, the 

protrusion rf can be easily formed using a desired process such 
£S a pressing process. However, this method has a problem in 
that the protrusion ST cannot have a height more than a 
limitation for the plastic deformation. 

Referring to Tig. 36. a protrusion 9G is illustrated 
which is formed by forming a stud bump at a desired protrusion 
forming region in accordance with a wire bonding technique, 
fig. 3£« illustrates a method for fcrr.i.-.g the protrusion SrO 
whereas Tig. 3€£ illustrates, in an enlarged scale, the 
protrusion S«. 

Where the protrusion 5S is formed to have s s - ud bur:p 
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shape in accordance with a wire bonding tech.-.; cue , :- 
possible for the protrusion 9G to be formed at a- e=: <--.«•. 
position. The protrusion 9G serving as an outer ccr.nectinc 
terminal can also be easily formed at a desired pcsi-.;;-. — . 
formation of the protrusion 9G can be achieved s tmul : ar.eousl v 
with the mounting of the wires 5 conducted in tne cor.nectt.no 
process included in the semiconductor device fabrication 
process. Thus, the entire fabrication process is simplified. 

The height of the protrusion 93 can be optionally set by 
vertically overlapping a plurality of stud bu.-r.ps together, 
deferring to Tig. 37A, a protrusion 9H is illustrated which is 
formed by vertically overlapping three stud bumps together. :„ 
this case, the protrusion 9K has an increased height, as 
compared to the protrusion 93 of rig. 3€S constituted by one 
stud bump. 

Another method for increasing the ^eighz cf the 
protrusion is illustrated in Fig. 37 3 . : , accordance with the 
nethoc cf Fig. 3 7 B , a conductive member <2 having a plug shape 
is fixed to the lead 3 by means of a conductive adhesive. A 
stud bump <2 is then formed on the conductive member «. as 
shown in Fig. 3 7C, so that the overlapping conductive member <2 
and stud bump < 2 cooperate to form a protrusion 91. :„ this 
=«e. the height of the protrusion 91 is determined by the 
height of the conductive member <!. Accordingly, the height of 
the protrusion 9, can be op , lcrsi:y ^ fcy ^ ^ 
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conductive merrier havinc a diverse e *c- - >-p ... 
conductive member 41. 

rig. 36 illustrates a modified bonding process, Althouc 
the se^::c^::c: chip 2 and lead frame 11 are bor.cec :::e:»e: 
using the polytmide film 7 serving as a; adhesive u:.:e: a 
certain condition m accordance with the above mentioned 
embodiment, as shown in Figs. 16 to 20, they may be bonded 
together using a tape-shaped adhesive 45 in place cf the 
polyiir.ide film *? . 

The tape-shaped adhesive 45 may be formed net cr.ly at the 
upper surface of the semiconductor chip 2. but also at the love 
surface of the lead frame 11, as shown in Tig. 36. 
Alternatively, the tape-shaped adhesive 45 may be formed only a- 
the lower surface of the lead frame. furthermore, the 
distribution range of the zape-shapet adhesive 45 may be freely 
set in so far as it is within a range indicated by the arrow x 
in fig. 38, except for the reg:on where the electrode pads 6 are 
formed. In addition, it is necessary for the tape-shaped 
adhesive <5 to be an insulating adhesive because the 
semiconductor chip 2 and lead frame 11 should be electrically 
insulated from each other. 

Tigs. 35 to 42 illustrate modified embodiments of the 
connecting process," respectively. Although the. wires 8 are used 
for the connection between the electrode pads 6 and the leads 3 
m accordance with the above mentioned embodiment, as shown in 
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Tigs. 2] and 22, a direct lead bonding rr.ethoc is usee to 
directly bond the electrode pads and leads 2 together ir. 
accordance with the modified embodiments cf Tics. 2- ^ - 
In the embodiment cf Tics. 35 and 4j, each lead 3 ; 5 
directly Doncec" to an associated cr.e of. the e;ec::oce zlzs i 
using a bonding tool <6 connected to, for example, an ultrascr.i 
vibratcr. In this configuration, however, the electrode pad 6 
may be damaged by the bonding tool 46 vibrating at an ultrasonic 
frequency. In the embodiment of Tics. 41 and 42, a stud bump 
4,1 Ls ----ted on each electrode pad 6. The stud bump 4"> is ther 
melted by a heating unit 46 in a state in which it comes into 
contact with the lead 3, thereby causing the electrode pad 6 to 
be connected to the lead 3. In accordance with this connecting 
method, there is no damage to the electrode pad 6. An 
improvement in the reliability of the connecting process is also 
achieved . 

In accordance with the connecting processes cf Tigs. 39 
to <2, it is possible to achieve a reduction in electrical 
resistance, as compared to a configuration in which the 
connection between the electrode pads 6 and the leads 3 is 
provided by the wires 8. Accordingly, an improvement in the 
electrical characteristics cf the semiconductor device I is 
achieved. The semiconductor device } also cope. with a high- 
speed semiconductor chip. 

Tigs. 43 and 44 illustrated a modi f ied embodiment of the 



H-5599 US 

resin encepsu 1 at ing process. :.n -.he above mentioned embodiment 
the bottom surface of the cav;;y defined in the lower mole 22 
included in the mold 30 is in direct contact with tr.e uprer 
surface 2a cf the semi conduct c r chip 2. The upper surface la c 
the semiconductor chip 2 : s net encapsulated by the resin 
encapsulate < so that it serves as a surface for imprcvir.c the 
heat dissipation characteristics. 

Under strict environment, for example, high- temperature 
environment, th* semiconductor device 1 may require a 
temperature resistance rather than the heat dissipation 
characteristics. In such a case, it is necessary to completely 
encapsulate the semiconductor chip 2 by the resin encapsulate 4. 
referring to Tics. 43 and 44, a mold SO is illustrated which is 
configured to completely encapsulate the semiconductor chip 2 by 
the resin encapsulate 4. 

In detail, a cavity 52 defined in a lower mold SI is 
spaced apart from the peripheral surface of the semiconductor 
chip 2 at its side surface, as shown in Tig. 43. Accordingly, 
when the resin encapsulate 4 is molded in the mold, the 
semiconductor chip 2 is completely encapsulated by the resin 
encapsulate 4, as shown in Fig. 44. The formation region of the 
resin encapsulate 4 encapsulating the semiconductor chip 2 can 
be optionally set by appropriately varying the shape of the 
cavity 33 or 52 cf the mold 30 or 50. 

Where the upper mold 32 has a recess for mounting the 



protrusion 9 formed or. each lee: 2 therein, it 13 possible tc 
obtain a semiconductor dev; ce 60 in which the protrusion & is 
greatly protruded from the resin encapsulate <, as showr. i:\ ri c 
45. The semiconductor device 60 showr. :r. fig. < 5 exhibits an 
improved mounting efficiency to the circuit board :c because ;:. 
protrusion 9 is greatly protruded from the resin encapsulate <. 
Also, it is unnecessary to form the bumps 5, as in the above 
mentioned embodiments. Accordingly, it is possible to simplify 
the fabrication process for the semiconductor device SC. 

[EFFECTS Of THE INVENTION} 

As apparent from the above description, various effects 
are obtained in accordance with the present invention. 

In accordance with the invention of claims 1 and 2, it is 
possible to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Since the 
electrode pads and leads are connected together using wires, it 
is possible to set the layout of the leads irrespective of the 
layout of the electrode pads. An improvement in the matching 
ability of the semiconductor device to the circuit board. The 
resin encapsulate provides an improvement in reliability because 
it surely protects the connected wires. Since the outer 
connecting terminals are exposed from the resin encapsulate, the 
electrical connection of the semiconductor device to the circuit 
board can be surely provided. 
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:r. accordance with the invention cf claim 2, the 
insulating and bonding processes fcr the semiconductor chip ar.z 
-eacs can be simultaneously conducted because the polyi-ice 

- cs en insulating member, interposed between the 
5er.:;:r.:j:;c: chip and the leads serves, as an adhesive. 
Accordingly, it is possible to simplify the structure of the 
semiconductor device which achieving an easy fabrication cf the 
semiconductor device, as compared to the case in which the 
insulating merger and the adhesive are separately provided. 

In acccrcar.ee with the invention of claim < , each 
protrusion is integrally formed with an associated one of the 
leads. Accordingly, it is possible to achieve a simplification 
in structure, as compared to the case in which the protrusion 
and lead are formed using separate materials, respectively. In 
accordance with the invention of claim z , a wire is used for the 
ccnnection between the electrode pad and lead. Accordingly, it 
is possible to achieve an easy connection for the wire between 
the electrode pad and lead. 

In accordance with the invention of claim 6, a bump is 
formed on each protrusion. Accordingly, it is possible to 
achieve an easy connection of the semiconductor device to the 
circuit board, as compared to the case in which the protrusion 
is directly mounted on the circuit board. !n accordance with 
the invention of claim 7, the leads and semiconductor chip are 
bonded together by maintaining the pclyimioe film at a certain 
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temperature ^ni a certain pressure, thereby cajsir.q :r, e 
poiyimide film to serve as an adhesive. Accord: r.cl y , the 
insulating and bonainc processes for the leads and 3 ex: concur t cr 
chip can be s imul taneously conducted. 

Since each electrode pad forced on the s emi concur t cr rr.;r 
is connected to an associated one of the leads by means cf a 
wire in the bonding process, it is possible to vary the layout 
cf the leads with xespecz to the layout cf the electrode pads by 
selecting an appropriate connection method. The fabrication of 
the semiconductor device involves only four processes, that is, 
a lead forming process, a bonding process, a connecting process, 
and a resin encapsulating process. Since the fabrication of 
semiconductor device is achieved using, a reduced number of 
processes, as mentioned above, an improvement in production 
efficiency is obtained. 

In accordance with the invention cf claim 8, an easy 
bonding process can be achieved because the bonding process can 
be conducted without a control for the temperature applied to 
the poiyimide film within a tiesizeo range. In accordance with 
the invention of claim 9, the connection between the electrode 
pats and the leacs can be simply and surely achieved because the 
electrode pads and leads ere electrically connected together in 
accordance with a' direct lead bonding process. 

-n accordance with the invention of claim ZO and 11, the 
-ead pitch of the outer lead portions is less than the lead 
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pitch of the inner lead portions. Accordingly, the ir.r.e: leacs 
can cope with a small pitch of the electrode pads on the 
semiconductor chip to which the inner lead portions are 
electrically connected. Furthermore, the mounting e::::;er.:v r 
the semiconductor device to the circuit .beard is improved 
because the lead pitch of the outer lead portions electrically 
connected to the circuit board is large. Since each protrusion 
is formed on an associated one of the outer lead portions, it 
can be used as an outer connecting terminal . Accordingly, it 
further improves the mounting efficiency. 

In accordance with the invention of ciaim 12 and 13, it 
is possible to easily form leads cf a small pitch integrally 
formed with protrusions. In accordance with the invention of 
claim 14, the lead pattern forming process and the protrusion 
forming process are conducted in a separate fashion. 
Accordingly, the thickness of a blank used can be selected 
irrespective of the height cf the protrusion. Therefore, it is 
possible to reduce the pitch of a lead pattern when a thin blank 
is used. In the protrusion forming process, it is possible to 
form protrusions having an optional height. An improvement in 
the freedom of design is also achieved. 

In accordance . with" the invention of claims 25 to 1", it 
is possible to easily conduct the protrusion forming process. 



